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The  infra-red  spectra  of  methoxyacetonitrile 
and  me thyl-chlorome thy 1-ether  have  been  studied  in 
solution  and  in  the  vapour  and  liquid  states. 

In  the  vapour  state  the  band  contours  prove 
that  the  molecules  are  most  stable  vvhen  they  have 
a  slightly  twisted  trans  conformation, 

Methoxyacetonitrile  (a)  and  methyl-  chloro-  methyl-ether  (b)  differ 
only  in  that  the  nitrile  group  of  one  is  replaced  by  a  chlorine  atom, 

(a)  CHj.O.Ci^.CN  (b)  CH,  .O.CI^  .Cl 

Since  the  nitrile  group  and  the  chlorine  atom  have  approximately  the  same 
electronegativity  and  mass  it  is  reasonable  to  expect  that  the  vibrational 
frequencies  of  the  CH3  .0,CI^-  group  will  ghange  but  little  in  going  from 
(a)  to  (b). 

In  both  molecules  rotation  about  the  (CI^  )0  C(I^X)  bond  is  poss¬ 
ible.  (Fig.  3.)  In  their  most  stable  states  the  molecules  v/ill  have  part¬ 
icular  conformations  corresponding  to  certain  definite  values  for  the  moments 
of  inertia.  A  study  of  the  band  contours,  obtained  from  vapour  phase  spectra, 
then,  should  give  a  reliable  indication  as  to  the  most  stable  conforaation. 

Methyl  chloromethyl  ether,  together  with  the  corresponding  thio-ether, 

2 

has  been  studied  by  Hayashi.  The  Rameui  spectra  of  (a)  and  (b)  have  been 
recorded, 
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Methoy.yaco  '.:']!.:  tri3-e  was  prepared  by  addition  of  excess  dimethyl  sulphate  to 
the  product  of  reaction  betv/een  potassium  cyanide  and  foniialin  solttion 
at  temperatures  belov/  10°C,  The  oily  liquid  with  a  pyridine -like  smell 
was  extracted  with  ether.  The  ether  layer  was  dried,  the  ether  removed 
and  the  r&'sidue  distilled  at  atmospheric  pressure.  The  observed  boiling 
point  was  121°C,  (Literature  119°Cat  736  ra.m.). 

Methyl-chloromethyl-ether  was  prepared  by  the  reaction  between  methanol 
formalin  and  hydrogen  chloride,  as  described  by  Marvel  and  Porter^.  The 
observed  boiling  point  was  53.5®C  at  atmospheric  pressure,  to  be  compared 
v/ith  55-60°C  reported  by  Marvel  and  Porter. 

The  spectra  v/ere  recorded  on  a  Grubb  Parsons  G..G.  2A  double  beam  infra¬ 
red  spectrometer  calibrated  with  ammonia  gas. 

A  pyrex  glass  vapour  cell  v/hich  allowed  a  temperature  variation  over 
the  range  20°C  to  200®C  was  used  to  the  record  the  vapour  spectra.  Matched 
metal  cells  (4.72m.m.  and  9»78m.Bi.  in  length)  'were  used  to  record  solution 
spectra  in  chloroform,  carbon  tetrachloride  and  carbon  disulphide  solvents. 
The  spectra  of  capillary  and  0.1  m.m.  thick,  liquid  films  v/ere  also  obtained. 

The  spectra  are  reproduced  in  figs.  1  and  2  and  the  frequencies  given  in 
tables  1  and  2. 


The  Stable  Conformations 

The  type  of  contour  obtained  for  vibrational  bands  (i.e.  the  PQR  structure) 
and  the  P-R  sub-band  separation  depend  critically  ipon  the  moments  of  inertia 
of  the  molecule.  Thesei  in  turn,  depend  upon  the  fonformation  of  the  mol- 


ecule  (fig.  5.)  As  one  part  of  the  molecule  rotates  with  respect  to  the 
other  the  absolute  and  relative  magnitudes  of  the  the  three  principal  moments 
of  inertia  change  continuosly:  consequently  the  band  contours  and  separations 
also  change. 

Molecular  dimensions  have  not  been  determined  for  methoxyacetonitrile 
or  for  raethyl-chloromethylether.  Hence,  from  a  study  of  similar  molecules 
the  parameters  given  in  table  3  were  chosen.  With  these  vaQ.ues  moments  of 
inertia  were  calculated  for  each  of  the  conformations  given  in  fig.  3« 

(see  tr.ble  4.). 

The  moments  of  inertia  indicate  that  the  molecules  approximate  to 

symmetric  rotors  especially  for  conformations  near  to  (V).  Using  the  theory 

id 

developed  by  Gerhard  and  Dennison  the  P-R  sepeirations  have  been  calculated, 
for  parallel  type  bands,  from  the  ex.^re^sion, 

^  V  (P,K)  =  #.  ( '4 

where  S  =  0.721  /i «  (I  -  I.)/I. 

A  A, 

and  I  =  (Ip  +  I^)/2. 

The  values  obtained  are  given  in  table  5,  and  expressed  diagrammatically  in 
fig.  4.  The  P-R  sepeurations  found  experimentally  for  parallel-type  bands 
(or  type  A  bands  as  described  by  Badger  and  jumwalt  )  are  given  in  table  6. 
From  a  comparison  of  the  observed  and  calculated  P-R  separations  it  is 
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evident  that,  in  both  cases,  the  stable  conformations  are  very  close  to 
model  (V).  That  is  the  'heavy*  atom  skeleton  is  almost  planar-trans  in  form. 
This  conclusion  differs  from  that  of  Hayashi'”  v;ho  favours  a  gauche  conform¬ 
ation  fig.  5i  II)  for  methyl  chloromethyl-ether  in  the  vapour  state. 

If  the  oxygen  lone -pairs  forming  atomic  dipoles  are  taken  into  account 
the  terminal  groups  are  seen  to  be  staggered  about  the  C-0  bond. 


X 


In  terms  of  bond-bond  and  bond-lone -pair  rtphlsions  this  represents  a 


most  reasonable  model 
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Vibrational  Assifrnment. 

All  the  fundamental  modes  of  vibration  are  infra-red  active.  The 
vibrations  can  be  conveniently  divided  for  discussion  into  tv;o  groups,  viz. 

Ci)  the  methyl  and  methyleiie  vibrations,  and  (ii)  those  associated  with  the 
COCX  skeleton. 

(i)  CH  Vibrations. 

Tables  1  and  2  contain  the  assignments  for  these  molecules  made  on 
the  basis  of  vapour  phase  band  contours  and  compeirisons  with  related  molecules. 

The  ranges  within  which  the  various  types  of  methyl  vibrations  occur  are 
well-known  and  there  is  little  ujicertainty  in  the  aissignments  made  in  tables 
1  and  2. 

The  assignment  of  frequencies  to  the  methylene  bond-stretching  modes  ie 

straightforward  but  this  is  not  the  case  with  the  various  deformation  modes 

since  they  tend  to  vary  over  large  spectral  regions.  For  example  the  - 

rocking  frequency  occurring  at  1176  cm  ’  in  CP^  Fj  is  found  at  714  cm  in 

CI^  Ig  ,  a  decrease  of  some  39/^.  In  a 

11 

recent  study  relations  have  been  found  between  the  methylene  deformation 
frequencies  in  CI^XY  molecules  and  the  electronegativity  product  9^(X)"X'(y) . 
These  correlations  have  been  used  to  predict  'group  electronegativities  of 
3.76(CI^  .0)  and  3*20(CN)  corresponding  to  frequency  values  centred  near  to 
1470,  1340,  1250  and  1,000  cm  respectively  for  the  bending,  wagging,  twist¬ 
ing,  and  rocking  CP^  vibrations.  The  observed  values  are  in  good  accord  with 
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these  predictions  (tables  1  and  2). 

The  vapour  spectra  of  the  compounds  are  not  identical  in  the  region 
—  '1  — ^ 

between  1,400  cm  .  and  cm  .  Two  absorption  bands,  one,  v/eak,  with 

an  ’A,  B'  contour  at  1,397  cm  ;  and  the  other,  stronger  in  intensity  v/ith  an 

were 

almost  perfect  'A'  type  contour  at  1324  cm  ,j^observed  in  the  spectrum  of 
methyl  chloromethylether.  One  complex  band  v/as  observed  in  the  spectrum  of 
methoxyactonitrile  centred  at  1364  cm  .  The  difference  betv/een  the  two  spectra 
is  explicable  in  terms  of  Fermi  resonance  between  the  two  vibrational  modes 
(symmetric  CI^  bending  and  wagging  CH2 )  which  belong  to  the  same  symmetry 
class.  Svidence  for  this  is  the  aln-.-st  equal  difference  in  frequency  betv/een 
these  two  absorption  bcinds  in  (b)  and  the  ond  complex  band  in  (a). 

(b)  CHj  .O.CHj  .Cl  1400  ^ 

36  cm,” 

(a)  CHj  .O.CHj  .CN  1364 

40  cm.”*' 

(b)  CHj  .O.CHj  .Cl  1334 

It  is  rather  surprising  that  Fermi  resonance  is  operative  in  (b)  and 
not  (a).  The  first  overtone  of  the  carbon-chloring  stretching  vibration 
should  occur  close  to  136O  cm  in  the>^apour  spectrum  of  (b)  and  the  in¬ 
teraction  of  this  binary  transition  with  the  superimposed  fundamentals 
might  be  the  factor  that  results  in  difference  in  the  two  spectra. 
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( i i )  Skeletal  v.i.brations. 

Three  bands  are  sicpected  to  arise  from  the  skeletal  stretching  vibrations 
in  methyl  chloromethyl  tther.  Two  of  these  are  best  regarded  as  an  aaymrn- 
etric  and  symmetric  stretching  mode  of  the  COC  grouping,  (COC)  and  "l)  (COG) 

3.  S 

■A'hilst  the  third,'^} (GCl) ,  is  primarily  localized  v/ithin  the  GGl  bond.  In 
me thoxy acetonitrile  there  are  four  stretching  modes,  V,  (COG),  ^  (COC), 

3  S 

and  two  others  which  can  be  approximately  described  as  '\)(CG)  and  'O(CN). 

The  “^(CN)  fundamental  occurs  near  2250  cm  \  in  all  phases,  with  the 
very  lov/  intensity  characteristic  of  -oxygenated  nitriles. 

ihe  assigniiient  of  the  vibrations  of  the  COCX  chain  in  these  molecules 
v/as  facilitated  by  a  direct  comparison  of  the  vapour  spectra.  Three  absorption 
bands,  of  strong  to  medium  intensity,  were  found  in  the  region  1150  to 
SoOcm  ,  in  the  spectrum  of  me thoxy acetonitrile.  The  strong  absorption 
with  an  almost  pure  B  ty^se  contour,  at  1132  cm"^,  is  assigned  to  the 'v)  (COC) 
stretching  vibration.  The  frequency  of  the  carbon-oxygen  stretching 
vibration  in  gaseous  methanol  is  1030  cm  .  If  it  is  assumed  that  the  coupling 
between  the  symmetric  and  asymmetric  modes  of  vibration  of  the  COC  chain, 
results  in  a  splitting  of  degenerate  energy  levels  to  give  energy  level 
pairs  equally  spaced  on  either  side  of  the  unperturbed  vibrational 

level,  it  can  be  predicted  that  the  frequency  of  the  symmetric  stretching 
vibration  of  the  COC  chain  will  be  near 

1030  -  (1130  -  1030)  »  930  cm.”^ 

Two  absorption  bands,  with  hybrid  contours,  at  932  cm  ,  and  890  cm  ,  were 
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observed  in  the  vapour  spectrum  of  me thoxy acetonitrile.  The  higher  frequency 

band  is  therefore  ass':.gried  to'''0(COC)  and  the  other  to''p(CC).  Tliis  assigfi- 

'  s 

ment  is  supported  by  the  fact  that  replacement  of  the  nitrile  group  by 

chlorine  results  in  the  disappearance  of  the  890  cm  ,  band,  but  does  not 

-1 

significantly  perturb  the  spec,trum  above  900  cm  .  This  is  to  be  expected 
because  the  chlorine  atom  does  not  differ  much  in  mass  of  electronegativity 
from  the  nitrile  group. 

It  has  been  shovm  that  for  molecules  exhibiting  rotational  isomerism 
certain  group  frequencies  are  characteristic  of  particular  isomeric  con¬ 
formations.  For  example  in  trans-monochlorinated  hydrocarbonsS^(CCl)  varies 

from  726(n-propyl)  to  616  ,  in  tert.amyl  chloride,  whilst  the  gauche  fre- 

—1  12 

quencies  range  between  645  and  56O  cm  for  the  same  series.  In  the  spec¬ 
trum  of  methyl  chlororaethyl  ether  only  oneS)(CCl)  band  centred  at  646  cm 
v/as  detected.  This  comparatively  high  value  underlines  the  correctness  of 
choosing  a  trans-conformation.  The  absence  of  a  second  '^(CCl)  band  indicates 
that  the  gauche  isomer  is  present  to  a  very  small  extenti  if  at  all. 

The  bond-bendin,„'  fundamentals  of  the  skeleton  lie  below  the  range  studied. 
The  vibrations  can  be  approximately  described  for  .O.Chj  .Cl  as  COC  bend¬ 
ing  -  b(COC),  b(OCCl),  both  in  the  plane  of  the  skeleton  framework,  and  an 
out-of  plane  vibration  which  could  be  described  as  b(OC)  or  b(CCl):  for 
CH3 .O.CHj ,CN  one  has  b(COC),  b(OCC),  b(CCN)  all  in-plane  and  either  b(0C) 
or  b(CN)  out-of -plane. 

.-I 

The  corresponding  frequencies  are  expected  to  be  below  5w0  cm  as  is 


clearly  shown  by  table  7 
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—  1 

Thrss  weak  bands  at  838,  709,  and  586  c.m.  were  observed  in  the 
spectrvjn  of  liquid  methoxyacetonitrile.  These  can  be  assigned  as  overtone 
or  combination  bands  in  a  niaraber  of  ways.  The  interpretation  of  other  com¬ 
bination  bands  observed  in  the  higher  frequency  region  is  made  more  plausible 
if  these  frequencies  are  assigned  as  follows 


b(COC) --v^bCCCC)  =  425  c.m.  ' 
b  ( CCN ) ,  in  pve.'rva,  «  36O  cm . 

b(CCN),  out  of  plane  =  230  c.qj. 


The  torsional  modes  of  methyl  groups  about  a  C-0  bond  have  been  assigned 

9  “1 

tentatively  to  bands  at  I60  and  230  c.m.  The  torsional  mode 

CHj  .0-^CI^X 


would  therefore  be  expected  to  have  an  even  lower  frequency 
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FIG.  3  CONFORMATIONS  OF  CH  OCH  X  MOLECULES. 
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